The left ventricular volume and the internal surface areas of noncontractile regions were measured by cineangiocardiography at 60 frames/sec in nine patients with a chronic localized noncontractile area of the left ventricle. Arteriosclerotic heart disease was proven in eight patients by means of coronary arteriography. Left ventricular end-diastolic pressure, stroke volume, ejection fraction, mean circumferential shortening, and cardiac output were also measured before and after removal of the noncontractile area and revascularization of the myocardium.
patienits with a left ventricular aneurysm have remained well for years after their lesions were first discovered.9 10 However, Schlichter and co-workers'1 reported the prognosis for survival in patients with a ventricular aneurysm as being about half of that for the patient without an aneurysm. The heart wvith a dyssynergic area does not work effectively, and heart failure may ensue.5-7 Congestive heart failure has been reported as the cause of death in approximately 70% of the patients with a ventricular aneurysm. 12 Excising the areas of infarction from the hearts of experimental animals had a beneficial effect on cardiac function.2 3 13 14 Similarly, excising noncontractile areas of the left ventricle in patients appeared to improve these patients, as judged by clinical criteria.12" This paper presents the measurements of left ventricular function as well as the clinical observations of patients before and after removal of the chronic postinfarction noncontractile area of the left ventricle and revascularization of the myocardium.
Case Material
The subjects of this report were nine patients with an akinetic or dyskinetic area of the left ventricle following documented myocardial infarction that occurred 3 months to 5 years prior to surgery. Patients with a concomitant postinfaretion mitral regurgitation evidenced by clinical, hemodynamic, and angiocardiographic findings were excluded from this series. The ages of the patients ranged from 45 to 58 years. Eight were men and one was a woman.
All patients complained of shortness of breath, decreased exercise tolerance, and anginal pain either as isolated symptoms or in various combinations. Two patients (cases 1 and 3) were in chronic congestive heart failure, and one patient had frequent attacks of ventricular tachycardia (case 9).
The preoperative electrocardiograms were compatible with an old, large myocardial infarction in the anterolateral or anteroseptal regions in all patients. The electrocardiogram in two patients (cases 1 and 3) revealed a left anterior hemiblock, and in four (cases 2, 3, 5, and 6) revealed persistent S-T segment elevations.
The cineangiocardiograms showed paradoxical expansion of the damaged area of the left ventricle during systole (dyskinesis) in seven patients, and failure of a large area of the left ventricle to contract during systole (akinesis) in two (cases 4 and 7). All patients had nonconltractile areas located in the anteroapical portion of the left ventricle, and good contraction at the base of the heart was observed in the majority of the patients. Coronary arteriograms in eight patients showed significant narrowing or obstruction of two and sometimes three of the main coronary arteries. The anterior descending branch of the left coronary artery was invariably involved with an 80 to 100% obstruction. The circumflex was involved least often.
Prior to operation all of the patients except one (case 9) were given digitalis. Nitroglycerin or long-acting nitrates were given to the patients with anginal pain. A diuretic regimen was also added to the two patients in heart failure, and even though they responded poorly to the medical treatment it was thought they should be operated upon for anginal pain or symptoms suggestive of cardiac dysfunction.
In all patients the noncontractile areas were either excised or excluded, and saphenous vein grafts and/or internal mammary artery implantation were performed. Of the four patients with exclusion of the noncontractile myocardium, two (cases 1 and 2) had saphenous vein grafts; one (case 7) had two internal mammary arteries implanted in the myocardium; and the remaining one (case 4) had a vein graft and an intemal mammary artery implant. Of five patients in whom the noncontractile region was excised, one (case 3) had a saphenous vein graft, and four (cases 5, 6, 8, and 9) had either one or two internal mammary arteries implanted in the mvocardium.
Following surgery, a majority of these patients had excellent clinical results and were restudied. Other patients were reexamined because of mild angina pectoris which persisted postoperatively.
Their pain, however, was less and thev could do more work than before operation. All nine patients were maintained on digitalis following surgery. In the immediate postoperative period, diuretic therapy was used for some patients. The diuretics were successfully discontinued shortlv thereafter without any evidence of heart failure. Coronary dilators were also given to those patients who had anginal pain following surgery.
Methods
Left heart catheterization and cineangiocardiography were performed in nine patients and coronary arteriography in eight, prior to surgery. where EF is ejection fraction and IS is the size of the noncontractile area expressed as a fraction of the total circumference of the ventricle at the end of diastole.
Cardiac output was measured using the dyedilution technic in five patients. The SV measured by dye-dilution technic correlated within a range of approximately + 10% variation with that measured by angiocardiographic method in these patients. In the remaining four patients the SV was measured only from the ventriculogram. This was multiplied by the heart rate at the time of the angiocardiography to give the cardiac output.
Electronics for Medicine Recorder. In the central-angle method, R represents the radius of the circle, the arc of which best fits the curvature of the noncontractile wall. The sides of the angle (0) were subtended by the chord of this circle drawn on the noncontractile area; f is a magnification factor. In the graphic-integration method, the noncontractile area of the left ventricle is assumed to be an integration of n disc slices, each of which has a radius of R,, and a slant height of W,. Because the curvature of the noncontractile wall is not symmetrical and therefore each disc is not a frustum of the right cone, the average slant height measured from the upper and lower curvatures was used. Application of the methods has been described by Klein et al. 4 and Crawford et al. 21 Also, this area was compared to the internal surface area of the entire left ventricle (lrd2) at the end of diastole, giving a relative size of the noncontractile area.
The average values were calculated with a standard error. Statistical comparisons wvere also made between the pre-and postoperative results using a t test.
Results
The ventricular performance before and after operation is presented in table 1 The surface areas of noncontractile regions ranged from 20 to 87 cm2, occupying from 12 to 40% of the internal surface area of the left ventricle at the end of diastole. There was a normal EDV in three patients, although the noncontractile area of the left ventricle occupied from 12 to 19% of the internal surface area. These patients had either a decreased EF or an elevated LVEDP or both. The EDV tended to be higher in patients in whom the nonicontractile area occupied a larger fraction of the internal area of the left ventricle (r -+0.72; P < 0.05) (fig. 2) . The EDV was 150 ml/m2 or more when the noncontractile area exceeded 20 to 25% of the internal surface area of the left ventricle. Figure 3 shows that the LVEDP was usually high in those patients in whom the noncontractile area occupied a large fraction of the total internal surface area of the ventricle. Figure 4 reveals (fig. 6d) . The percent CFS also increased from 11.8 ± 1.93 to 17.6 ± 1.45% after surgery (P < 0.05). Cardiac index was greater after surgery than before. The average was 2.85 + 0.239 before and 3.47 + 0.161 ml/min/m2 after surgery. Figure 7 shows the extent to which the surgical operations decreased the EDV and increased the EF in each patient. As a whole, there was an inverse relationship observed between the EDV and the EF (r =-0.83; P < 0.001), suggesting that an increase in EF was mainly due to a decrease in EDV.
Before operation the internal circumferential shortening was calculated in Figure 4 Relationship of ejection fraction to the size of the noncontractile area. An inverse relation was observed (r -0.81; P < 0.01). Impairment of the left ventricular ftunction varied directly with the size of the tnonconitractile area.
operation as the best part of the left ventricle shortened prior to the operation (r +0.73; P<0.05).
Discussion
In this study, the left ventricular volume was measured by single-plane angiocardiography performed with the patient in the right anterior oblique position. Several investigators have shown that this method is reliable in determining the left ventricular volume with the assumption that the left ventricular chamber can be represented as an ellipsoid revolution figure.8 19 An irregular and complex geometric configuration of the left ventricular cavity, as occurs with aneurysm, makes the method less accurate. However, Klein, Herman, and Gorlin4 showed that measurements of ventricular volume by this method correlated well with measurements by the thermodilution method, even in patients with a ventricular aneurysm.
The use of a spherical model for simplifying the estimation of circumferential shortening and the method for measuring the surface The average preoperative EDV in this series (137 + 12.9 ml/m2) was increased, but not greatly. The reason for this would appear to be that our subjects had a localized noncontractile area of the left ventricle without mitral regurgitation or severe generalized myocardial impairment. Associated significant mitral insufficiency is rather commonly observed in patients with marked dilatation of the left ventricle.
The left ventricle with a chronic localized noncontractile area was shown to function poorly in the assessment of left ventricular performance. The myocardial fibers in the best portion of the left ventricle can shorten to some extent more than the normal amount and thereby maintain an overall ventricular function near normal when the noncontractile area is small. 4 6 In one (case 4) of three patients whose left ventricular volume was normal, the best part of the myocardium contracted with increased vigor, with a calculated circumferential shortening in the noninfareted area greater than 28%. The noncontractile areas in these three patients were less than 20% of the internal surface area of the left ventricle. However, the LVEDP was elevated or the EF was decreased. Local abnormal contraction reduced the effective function of the ventricle in the absence of significant dilatation of the ventricle.
Klein, Herman, and Gorlin4 reported that when the internal surface area of the noncontractile region exceeds 20 to 25% of the left ventricular internal surface area, increased fiber shortening in the best portion of the ventricle cannot maintain a normal stroke volume. If the left ventricle enlarges in such a patient, the stroke volume can increase In eight of our nine patients the LVEDP was elevated, although in two of these eight the size of the left ventricle was non-nal. Low diastolic compliance of the left ventricle even in those patients with uncomplicated arteriosclerotic heart disease has been reported previously. 24 The ejection fraction correlated well with the size of the localized noncontractile area (r =-0.81; P < 0.01). A low EF disproportionate to the size of the noncontractile area may indicate that generalized myocardial impairment predominates over localized dyssynergy.
Considering that removal of the noncontractile area relieves the heart theoretically of several mechanical disadvantages, one would expect the heart to work more efficiently following surgery. In the present series, ventricular function studies revealed improvement in the EF, percent CFS, mean VcF, cardiac index, ventricular volume, and LVEDP after elimination of the noncontractile area and revascularization of the myocardium, although some of these parameters remained in the abnormal range. It is also suggested that the ventricular compliance may increase after removal of the noncontractile area, since both increased stroke volume and decreased LVEDP were observed in some inistanices. These 
